and serum. For example, the lactic acid production was observed to be higher in the presence of serum, and a decrease in viability of the cells was reported to be related to lactic acid production. Thus, the presence of serum, heparin, fibrinogen, etc. may have a direct or residual influence on metabolic characteristics.
It becomes evident that the metabolic activities of particular types of leukocytes with specific substrates should first be defined. The differences of metabolic activities reported for various leukemias as compared to the "normal" state may well represent differences of cell populations or differeices of response of particular cell types to the preparative or suspending medium. The refinement of technics for recovering polymorphonuclear leukocytes in good yield, and the finding that the addition of serum and other organic materials is unnecessary permit a study of the metabolism of a particular type of cell uncomplicated by extraneous additives (6) . In the metabolic studies reported herein each pooled harvest has been characterized as to cell type and RBC content, as well as viability and integrity.
The glucose inhibition of oxygen consumption of whole polymorphonuclear cells has been quantified, and the partial release of this inhibition by prolonged incubation, the addition of cytochrome C, or the addition of succinate has been demonstrated. free from platelets, and contained not more than 1 x 106 RBC. Thus, the RBC :WBC ratio was 1:50 or better.
MATERIALS AND METHODS

Polymorphonuclear
The absence of cellular debris was verified microscopically on each preparation.
Leukocyte, erythrocyte, and differential counts were made in the usual manner (6) . Viability was determined by the method of Sabin (7) and by the method of Petrakis et at. (8) . Oxygen consumption was determined in the Warburg apparatus at 370 with air as the gas phase and 0.2 ml. KOH (20%) in the center well. Unless otherwise indicated, the body of the vessel contained 1.0 ml. of cells (5 X 1O cells) suspended in Ringer phosphate at the indicated pH and 0.5 ml. of 0.15 M buffer for a total volume of 3.0 ml.
With the exception of treatment, or appearance of these animals, the differential count showed 12 per cent lymphocytes and 7 per cent monocytes. This distribution of cells could account both for the high endogenous activity and for the low viability of these cells.
Since WBC's are regarded as fragile, data on the effect of incubation and shaking on their viability ad integrity are given in Table   2 . Transfer loss could complicate the observation, hence counts were For cells that have been maintained in a medium containing phosphate buffer (pH 7.0) and transferred to tris buffer just before the determination of oxygen consumption there is no difference in the rate of oxygen consumption.
When this was done at pH 7.2 there was some indication of stimulation of oxygen consumption. However, for cells maintained in tris buffer overnight as well as suspended in tris during the determination, the oxygen consumption was much lower. as is indicated in Fig. 1 . The average of four determinations shows a 43 per cent difference after 120 mm. Storage of the cells in tris buffer leads to loss of phosphate, as confirmed by the presence of Figure 3 compares the effect of glucose at pH 7.0 and 7.4. Again, in the absence of glucose, the oxygen consumption was greater at 7)11 7.0. However, in the presence of glucose the total oxygen consumed is very similar at these pH's. The lower oxygen consumption ill the presence of glucose appears to result from an inhibition during the fIrst 45 mm. of the experiment.
For the second 45-mm. period the rate of oxygen consumption at pH 7.4 in the presence and in the absence of glucose is quite similar.
The rates of oxygen consumption were comparable, but since pH 7.4 showed no stimulatory effect on the rate of endogenous oxygen consumption, this pH appeared to be a truer measure of glucose inhibition. phate did not affect the magnitude of the inhibition for glucose concentrations up to 1.0 pM; hence, these data have been omitted. In none of the experiments did the pH at the end of the reaction differ by more than 0.1. Figure 5 shows the effect of cytochrome C on the oxygen consumption of the cells in the presence and absence of glucose at pH 7.4. It is clear that the presence of the cytochrome C at this concentration cannot maintain the same rate of oxygen consumption after the addition of glucose but that it does maintain a constant rate, whereas the glucose alone frequently
gives a variable rate of oxygen consumption. Figure 6 shows the effect of the same concentration of cytochrome C on two concentrations of glucose. Comparisons of the slopes of the curves after the addition of the cytochrome indicate a greater change of rate for the higher glucose concentrations. This may be more apparent than real because of the smaller initial inhibition by the lower glucose concentration.
The effect of added succinate on the cells and on the glucose inhibition is shown in Fig. 7 . The average net difference in oxygen consumption in the presence and absence of succinate (11 per cent) is not statistically significant, while the difference in the effect of succinate on the glucose inhibition (45 per cent) is. affected by the presence of glucose. As might be expected, the presence of DPN or of cytochrome C increased the amount of pyruvate at the end of the experiment, but there was no direct relationship between the pyruvate present and the oxygen consumed.
DISCUSSION
A consideration
of the data presented in Tables 1, 2 , and 3 demonstrates that the addition of serum or other protein is not essential to cellular integrity or viability of guinea pig polymorphonuclear leukocytes when handled in accordance with the conditions described. Neither is there any difference in the integrity or viability of the cells stored at pH 7.4 as compared to pH 7.0. For the experiments included in the data of Fig. 2 , there was a detectable change in pH in only one experiment.
In this case, starting pH's of 7.2, 7.4, and 7.6 were found to be 7.0, 7.2, and 7.4, respectively, at the end of 2 hr. However the change over this period was not accompanied by a de- However, for these cells this does not exclude the possibility that phosphorylation reactions may be involved. Since, with time, the changing rate of the glucose-inhibited cells indicates a tendency to escape, it seems possible that a limiting reaction is involved. From the data it is evident that cytochrome C is not the limiting factor. The effect of cytochrome on the glucose inhibition is interesting since, although it is assumed that the cell membrane is not permeable to cytochrome C, in these experiments cellular integrity has been maintained.
From these experiments, it is not clear whether the cytochrome is engulfed by the cell, the cell membrane is exceptionally permeable, or the action is at the surface of the cell.
While this does not include other possibilities, the effectiveness of added succinate in overcoming the glucose inhibition suggests that for these cells it is related to events in the tricarboxylic acid cycle or to the cytochrome system. In the presence of glucose there was no simple relationship between the oxygen consumption and the pyruvate concentration. This suggests that the pyruvate concentration, either for the lactic dehydrogenase reaction or for entrance into the Krebs' cycle, is not of itself a limiting factor.
In view of the above observations and the other hypotheses for glucose inhibition, there is need for a closer examination of the aerobic formation and utilization of substrates by these cells, as well as of the hydrogen transport system.
SUMMARY
The viability and cellular integrity of polymorphonuclear leukocytes obtained from intraperitoneal exudates are maintained in the absence of serum or added organic material.
Under these conditions the endogenous oxygen consumption has a p11 optimum of 7.0 to 7.2. In the presence of glucose the oxygen consumption is inhibited and this inhibition correlates with the concentration of glucose added over a range of 0.2 to 1.0 pM. The inhibition can be overcome in part by prolonged incubation, by the addition of cytochrome C, or by succinate addition.
